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* DATE SUPPLEMENT TO 
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“VOATE‘OF | oo 
THIS IS UNEVALUATED INFORMATION. 50X1-HUM_. 
mi te 
oa ec 
= ‘Development’ of a three-axia stabilized platform for use in a V-2 type fi 
missile was conducted at NII 49, Leningrad, from July 1947 to February == ; 
. i... 1949¢ The most oritical axis (the azimuth axis) included a cylindrical I 
aes ade bearing. The platform was designed for supporting two integrating a 


“computers. The first integrator was to be used for course control. af 
Its purpose was to measure the lateral accelerations and to compute ‘3 : 
correcting signals in order to maintain the missile on its course. The 
‘seoond integrator was used to compute the speed and distance travelled 
in order to determine the fuel out~off point. With regard to the 

‘stabilized platform, the two integrators were rotated in their housing 

-0 as to remain in alignment with the longitudinal axis of the missile. 
In this manner, the integrators would measure the exact components of 
the acceleration for which they were designed. 
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The heart of the stabilized platform was the air bearing 


. gyroscope used for azimuth stabilization. The air bearing 


gyroscope had been worked on in Germany in the Kreiselgeraete 
during World War IT [see photographs, pages 21-27, and 
descriptions of these photos on pages 9-11/. : (It resulted 
from the German research on fluid bearings.) It was. 
continued in NIT 49 for prospective use in the platform of 

the V«2°type missile. The work was carried out by NUERNBERG. 
The research consisted largely in determining optimum methods 
for reducing the vortices due to the air flow. Because of the 
compressibility of the air, there was a tendency for relatively 
undamped oscillation to occur when vortices appeared. A 
technical discussion of the engineering background for the 
development of the air bearing is contained on pages 3-27. 
Detailed technical information on the_three-axis stabilized 
platform is presented on pages 28-30./ 
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APPENDEX ‘Ass «SS  Beohnical Discussion of Air Bearing 


NGINEERING BACKGROUND FOR THE AIR BEARING GYROSCOPE ne 


ds--The Kreiselgeraete group developed a special bearing. for compasses, ; 
directional gyroscopes, and pendulums. operating on the principle ¢ 
of liquid and air flow. This principle became the basis for a number ay 
of instruments characterized by extremely low friction. For some : Ty 
special uses where the indication must be reliable without monitoring ae 
over long periods of time, ordinary ball or point bearings have too ip “4 
much friction to be satisfactory. , 


2. Some of these instruments made in Germany by the Kreiselgeraete are = 
described below. Of these instruments, only the terrestrial compass : 
was completely developed and delivered. The polar gyroscope was 
developed, tested on hoard ships and on turntables in the laboratory, ee 
but not.delivered. Thus, by the end of World War II, no experience i a 
on their life expectaticies and durability was available. The north- : 
seeking compass was also tested on board a vessel once and was found 
unsatisfactory. ; 


INSTRUMENTS WITH FLUID BEARINGS , : - 


The Liquid Bearing ; en ae 


3. The liquid bearing is based on forcing a liquid between the rotor / 
and its bearing support. Liquid is spread over the load bearing 4 ‘ 
surfaces in such a manner as to preclude any solid contact. In order t 
to accomplish this, it is necessary.to finish the surfaces of both * " 
the rotor and the bearing very accurately. A functional diagram of 
such a bearing is shown inthe first sketch{ page 12% A hemispheric : \ 
object (1) is placed into a aimilarly shaped bearing (2), having a 
. series of horizontal channels (3) which lead into a chamber for 
‘ pressurized fluid (5) through small orifices (4). By means of a ; 
feed line (6), water is pumped under pressure into the ohamber (5). “ 
{There it enters the channels (3) and space between bearing and the  . : 
. hemisphere th where it spreads into a fine film upon which the | eA 
_ hemisphere (1) rests with very small olearance. It oan then be ae 
“loaded considerably, without causing appreciable friction. This ié 
bearing differs from similar ones in the seize of thé orifices (4). : 
“The size of the channel cross-sections is important to the reduction 
of. fluid consumption and to obtain.. freedom from vortices which “3 
create a higher amount of friction in the bearing. . ‘ 


4. One experiment proved that the friction remained independent of- the 
: velocity of the rotor. The coefficient of friction was also found 
to be independent of the load. - is oe 


5. Data onan experimental Kreiselgeraete fluid bearing: oe ‘ 


a. Sphere diameter: 70 mm. i 
b. Channel diameters. : 3 mm. a 
c. Orifice diameter: a . 0.3 mme 
d. Number of orifices per channel: |; 20 wa 
e. Working pressure: 003 ke/en* aves atmospheric pressure. a 


: fo Fluid consumption of bearing: 1.5 liters per minute : oy 


@. Load carrying capacity of bearing: 4 kg. 
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he Coefficient’ ‘of friction: "" - = 0.01 cmgr. 


i. Relationship of coefficient of friction 


to normal ball ‘bearing: 1000/1 


‘The Merrestrial ‘Compass 


6. 


Te 


The terrestrial compass is a gyroscope which, independent of mag- 
netic disturbances, aligns itself with the geographic north-south 


axis. Since the north-south «.ordentation. 


is’ actuated solely by the rotation of the earth, it is usable 
in all kinds of weather and visibility conditions. It, however, re- 
quires an absolutely immobile base, which restricts its use to non-. 
moving objects. 


- Principle of operation Lee¢ ‘the second sketch, pagel3 7: 

Every gyroscope instrument ,~ when rotated, orientates it- ... 
self along its axis of rotation, so as to minimize the ~~’ 
precessional forces imposed during the rotation. To illus- 
atrate, | if.a SYTOBIOPS.. is mounted in such a manner that 

its axis “6f Fotation (i) is positioned horizontally and’ 

the gyroscope may moye about its vertical axis (p), then 

it will’ ‘origntate . ‘iteeir “in such a manner as to, parallel 


ite own axis of rotation to that of the earth and the direction 


of rotation.will correspond then to that of the earth. 
{See page 13../ 


be Practical “U6 galie’- the moment of rotation which forces 
" “the ‘orientation. “Of? the ((1) ‘axis parallel to the earth's 
north-south ‘axis’ ‘48 very © “small, the bearing of the gyroscope 
‘along its vertical’ (p) ‘alis must be as void of friction as 
' possible, © Suche bearing may be obtained with a liquid 
pearing. /The design of such a gyroscope compass is shown 
on page 14. 





Et 


. Description” of. ‘pearing add. gyroscope: The rotor (1) is° 
jal. coritainer (2), arid seated by. * 3 
3tes'(4) in hemispheric bearings (5). 
A “Gente tigal’ ‘te (eh eoboai an‘ electrolytic fluid through: 
pipes (7) into: pressure’ ehaiiters (8) and through channels 
(9) into the apdée between the hemispheres (4) and the 
“ bearing; thus attaining .a low friction bearing. The fluid 
is drawn out of the housing (11) through the section” line 
(7a). In order to decrease the friction further, the 
current supply of the motor involved in turning the rotor 
must be furnished without brushes or collector rings. This 
is dccomplished by passing the electric currents through 
‘the :electrolytic fluid’ of alcohol and alkaline lye to‘ the 
rotating contacts of the” ‘gytoscope + Silver carbon rings 
‘serve as electrodes: Go). : BF es 






Data-on the eduasetetal compass: 


a. Gyro KA-13 . Inertia equals 150,000 cmgr. 
b. Input power 22, < "50 9 atts 
Ce input power to pump . 20 watts 
a. Weight ‘of. Sietsonant . 

without power supply 30 kilograms 
e. Accuracy . 7 2 degrees 
eae 25 minutes 
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8. The KA-10 gyro was also used in such a manner, and the accuracy 
figures were approximately the same The nomenciature of the gyro~ 
scopes is as follows: 


ao KA represents a Kreiselgeraete gyroscope. 


bo 10 represents the size. The figure 10 refers to the ae 
diameter of the rotor. 


The North-Seeking Master Compass kn 


9. This compass automatically seeks north. Because of the demand ® 
for this type of compass, it was developed faster than the others. : 
The Kreiselgeraete firm developed such a compass which was accurate 
to within plus/minus three degrees. In addition to its north- 
seeking characteristics, this compass can be used to transmit 
bearings to slave compasses without the use of amplifiers. 


10. In order to clarify the principle involved, a simplification is : 
assumed, whereby the instrument functions on an immobile base and ; 
is subject only to the earth's rotational forces. In the fourth ; 
sketch [see pagel57, vector "J" indicates the north-south direction i 
and the angular yelocity of the earth's rotation. On the immobile . 
dise (1), a gyroscope is mounted with its vertical precession axis "ace! 
(3)) horizontal sensitivity axis (4), and axis of rotation (5). we 
The (p) axis (3) is relatively free of friction because of a fluid 
bearing and incorporates a pick-off (6) for precession as well as 
a torquer (7) to introduce external moments of rotation upon its 
axis, The precession angle of axis (3) is transmitted by the line 
(8) through pick-offs (6) to the gyro~setting motor (9), thence to 
a sensing axis (4). The inclination of axis (4) is measured by : : 
means of an accelerometer (pendulum) equipped with sensing points ; ‘as 
(10) and the valves thus obtained are conveyed as electrical 

‘ potentials, over line (11) to the torquer as well as over line (12) 
to the gyro-setting motor (13). The motor rotates the base disc . 

(1) in either a right~ or left-hand direction, according to the de- 
flection of the pendulum. With gyroscopic compasses, the axis-of 4 
rotation always aligns itself in the north-south direction. Also , 
shown is a gyro-compass with its axis of rotation oriented east- ‘ 
west, and the sensing axis (4) parallel with the earth's axis. Since | ' 
the gyro does not take part in the earth's rotation, axis (4) inclines © 
toward the horizon. The pendulum deflects and actuates the torquer 

(7) and gyro~setting motor (13). The momentum about axis (3) re- 

turns axis (4) parallel to the earth, to return to the horizon, and © 

the gyro setting motor is actuated in such a manner as to compel : ‘ 
rotation of axia (5) baok to a north-south direction. If the ro- ‘ : 
tational moments about axis (4) have positioned it toward the horizon 

prior to arriving in the north-south direction, then the pendulun 

will have reached its zero position and does not emit any more 

pulses until axis (4) leaves the horizon again and causes actuation 

of the pendulum. The whole system rests only after the axis of ‘ 
rotation returns to the north-south direction. The gyro-setting motor c 
has in this case a two-fold function; one, to support the stabilizing 
characteristics of the gyroscope and, two, to carry the gyroscope / 
along its axis of the disc (1). This compass is unable to seek 

north on board a vessel or an aircraft. In order to accomplish this, 
it is necessary to use another gyro-element for aximuth stabilization 
and a third gyroscope for stabilization of its axis with axis (4). . 
Line gimbal system for such an arrangement is shown on page 17. > 


~~ 
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The construction of this compass is basically a trieaxial. It is 

a platform, stabilized horizontally and azimuthally. [see accompanying 
sketch, page 16./ The external gimbol (8) is in a bearing within 

a yoke i which supports the whole structure and which by means 

of axis (9) is rotatable in its azimuth compared to the base plate 
(12) which is solidly fixed. The stabilizer gyroscopes (2,3, and 4) 
are mounted on plate (1), as well as two accelerometers. Gyroscopes 
(2 and 3) with vertical precession axes stabilize the horizontal 
stabilizing axes (7 and 8). Gyroscope (4) stabilizes the azimuth 
axis (9). Plate (1) is controlled by the accelerometers (5) and 

(6) to keep it horizontal. The electrical connections between the 
individual components are shown with broken lines. The gyro-setting 
motor for the azimuth gyroscope (4) is actuated by the pendulum (6). 
Precessim taps (2b, 3b, and 4b) emit directional rotation pulses 

for thesensitivity axes (7, 8, and 9). 


This compass wag tested once on board a ship and had an average 


error of plus/minus two degrees. Greater errors were caused by 
occasional failure of component elements such as pumps, accelero- 
meters, and relays. 


Data on the north-seeking master compass: 


Gyroscope useds Three KA~-13's, one with liquid bearing 
Accelerometer: ‘wo liquid bearing accelerometers 
Power consumption: Starting: 1000 watts 

Running: ° 400 watts 
Weight: 100 kilograms 
Run-up time: : 30 minutes 
Accuracy: : 2 degrees 


INSTRUMENTS WITH AIR BEARINGS 


The development of fluid bearings was continued by the Kreiselgeraete 
by experimenting with the use of air in the bearings. The air 
bearing was considered to be an additional step in the development 

of fluid bearings because of the application of basic principles — -- 
and of knowledge gained with fluid bearings. There is one important 
difference between the liquid and air bearings: It was found that 
the formation of storage spaces must be avoided in the air bearing 
because that tends to induce an oscillatory condition. The gyro 
instrument company (Firma Kreiselgeraete) did not utilize the flow 
but rather the static pressure of the supporting medium in the 
instruments developed by them, air and fluid bearings. When one 
stems back the flow of a water faucet that is opened to drip only, 
but not running freely, then the line pressure is applied to the 
fingertip as a whole. Now if one slides the finger across, there 

is a sensation af sliding around on a cushion of water. This 
phenomenon is applicable for incorporation into construction 

of a bearing. When the bearing shell is provided with a number of 
orifices out of which the supporting medium— such as air --— 

may seep, after having been relieved of its inherent pressure by 
restrictive passes in the orifices, then a thin layer remains be- 
tween bearing shell and bearing journal. Thus, the journal is 
supported by the fluid. Only after the load factor exceeds a cer- 
tain value, which is determined by the pressure ahead of the restric- 
tion, does the journal contact the bearing shell. The fluid need 
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not have any lubricity at ali. If, as in this case, it is de- 
sirable to achieve the smallest friction possible, as viscous 

a fluid as possible would be indicated, such as alcohol or watero 
An especially good inviscid is offered through the utilization 

of gases, for instance, aire However, the design of an air bearing 
must take into account the compressibility of air. The actual 
shaping of the bearing is unhindered in any other way. The bearing 
journal may be made in the shape of a sphere, hemisphere, cylinder, 
cone, or any other possible mannere : 


The development of the air bearing at Kreiselgeraete had advanced 
to a point by the end of World War II where they were used for 
some production instruments. All the phenomena of the air flow 
processes were not yet completely understood. The Kreiselgeraete 
activity was oriented in the direction of lowering the air con- 
sumption and of finding a more suitable air compressor of smaller 
dimensions and lower power demand. At that time, the thinking 

at Kreiselgeraete was that the air bearing would not supplant the 
liquid bearing, but would be advantageous for certain special uses. 


Construction of a Cylindrical Air Bearing for Accelerometers 


16. 


> 
fn air bearing accelerometer is illustrated herein fase page 1g/. 
The sensitive element is, in this case, 9 cylinder 1) around 
whose circumference an air cushion is maintained. The cylinder 
slides out of the cylindrical bearing (2) in’ accordance with the 
angle of declination. The air cushion is maintained by a stream 
ef air from an air compressor and enters through ports (3), dis- 
tribution chanvela (6), and air chambers (5) whence it passes ; 
via passage (4), through individual channels (6) which sre located 
around the circumference. It then enters the bearing clearance 
area through narrow throat jets (7). Special eallecting grooves 
(8) are utilized for the evaovation of the air. It is important 
that the narrow throated jets be positioned as closely as possible 
to the bearing surfaces in order to avoid creation of pockets of 
air, These air pockets through their compressibility tend to 
induce vibration of the sensitive element. 


The Polar Gyroscope 


17. 


18. 


Air bearing gyroscopes were investigated by Kreiselgeracte for 
use as high-latitude instruments, They were constructed in two 
types. One of those was tested on board a ship, and the other 
(with cylindrical bearing) was tested in the laboratory only. 


The construction of a polar gyroscope with cylindrical bearing 

is a follows /see sketch, pagel9/: Gyroscope (1) is solidly 
buiit into cylinder (2), which rotates without friction around 
the horizontal precession axis (3) on the sir cushion (4) of 

the bearing. Cylinder (2) is inclosed by bearing cylinder (5), 
in which two rows of channeis (6) present openings between the 
air chamber (7) and bearing clearance (4). On bearing cylinder 
3S pivots (&) and (9) are attached as sensitivity axes. Pivot 
9) is hemispheric in shape and reats on an air cushion, carrying 
the full load of the rotor rotating around the sensitivity axis. 
Pivot (8) is centered by a ball bearing. Vertical to precession 
axis (3), air is carried off through a hollow tute (10), which 
strikes a baffle (10a), solidly mounted on bearing cylinder (5) > 
creating a support moment around the sensitivity axis during 
precession. Air for this support is led from bearing clearance (4). 
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. through the hollow precession axis end (3) into tube (10). Air 
supply is routed over the intake connection (11) irito chamber (12) 
and moves from there by means of channels (3%) into the bearing 
clearance of hemisphere (14) into free space, whereas the air 
‘of the cylindrical bearing clearance leaves between the front 
side (2a) of the cylinder (2), and the cover lid (5a). The current 
for the gyroscope is fed by slip wires-:mto slip rings (17) of 
pivot (8) and passes through wiring fixed to cylinder (5), to . 
the springs (19), where they pass the ourrent by dot-shaped 
contacts to the precession axis of the gyroscope. In order to 
avoid any frictional moments, contact points (19) must lie in 
the exact center of the axis. /The sketch on page 19 is’a copy 
of a drawing furnished by the source. The technical discussion 
does not contain references to all the points ennumerated on 
this diagram. 


19. Data on the polar gyroscope: 


-@. Gyroscope used: KA-7 Inertia equals 12,000 centimeter 
; , : gram second 
bo Air supply: 50 liters per minute at 1.5 atmospheres 


c. Random error: One to two degrees per hour 


The Miniature Compass 


20. In small vehicles, especially small submarines, the Anscheutz 
compass was supposed to have been replaced by an instrument which 
was to be smaller and lighter, which would need less power for 
its operation. In view of the moderate demand on accuracy 
‘(plus - minus three degrees), the actuating time should have 
amounted to only 30 Minutes. In solving this problem, the 
elevation of the axis of rotation is measured by an accelerometer 

(pendulum). The rotational moments, necessary for the orien- ; 
tation ofthe gyro towards north, are controlled by the deviation 
of the accelerometer (pendulum) through electrical impulses ' 

.on the gyro. This is contrary to the Anscheutz compass, which 
executed measurements of deviation and torque generation through 
the center of gravity. Although this principle permits utilization 
of spherical and, thus, universal bearing support, lack of 
time forced the utilization (as with the polar compass) of 
a bdieaxial bearing, which has a “rolling” error demanding special 
compensating measures. Developmental work progressed to such 
an extent that laboratory tests proved the correctness of the 
principle. It is pointed out that the éndeavor to alleviate 
‘the effects of air vortex phenomena had not succeeded fully, 
and. that the electrical control installation was not completely 
engineered. os ; 


21. ‘The construction of the gyro with its air bearing for horizontal and 
vertical aes as wellasthe power connections for the precé ssion 
axis is similar to the polar-gyro [illustrated on pagel9 /.' 
“ Another sketch [see page 20/shows a simple horizontal cylinder 
(1) with air bearing, at whose pivot (2) a pendulum has been 
attached. The pendulum has a capacitive pickoff. A servo- 
motor was provided to precess the gyro around its cylindrical 
axis. Rotor (4) 14s mounted in pivot (5) and stator (6) is 
.. fixed to the external cylinder (7). 


SECRET 


aul. 


. + . 
¥ 


ue . 


_ Declassified in Part - Sanitized Copy Approved for Release 2013/09/09 : CIA-RDP81-01030R000100210006-1 





50X1 


- Declassified in Part - Sanitized Copy Approved for Release 2013/09/09 : CIA-RDP81-01030R000100210006-1 _ es 


22. 


23. 


24. 


-The . -power, is. fed: jndust ely, yt 
12 


(9). 


_ (9), a rotational (19) field system is utilized. 
‘1a braking moment ‘in the copper dise (20). 
' the rotational field system (19) is controlled by the capacitive ‘ 
Amplifier (20a) © 
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Since the. compass must be free of friction around all its axes, 
the pivot (9) of the y-axis was.seated in air bearings (10 and 11). 


Only one is. shown ( 88 
coil within an iron core (13) with” primary coil (14). 





x must. follow the. movements “of the eoaxis: 





tee 


three coils rotatable with pivot 

This coil moves as a secondary. 
Since coil 
(a2). within its iron'core has a limited travel, the complete trana- 


For he purpose of damping the vibrations around éreauki axis 


pickoff of pendulum (3) through amplifier (20). 


This creates 
The excitation of 


feeds a motor (21) to actuate avinduction regulator (22), which. - 


feeds alternating voltages to the torque generator (6). 


eylindér (1). 
out transient torque signals. 
one minute. 


The 


-td¥que generator exerts a torque around rotational axis (5) of 
(22) ‘also functions as an integrator and smooths 
Its time constant is approximately 


When: “the: dotatdonal axis (la) of the gyro points toward north, 


the earth's. ‘rotation has no influence on the instrument. 


-Should 


‘4d deviiate from the northerly direction, it becomes subject to 


& component of the earth's rotation and either elevates or de- 

es the northern point from the horizon, whereupon pendulum 
apes reacts with a corresponding deflection to exert a torque 
around the axis of cylinder (1) so that the cylinder part rotating 


‘around the yraxis attempts to orientate itself towards north. 


' . This Orientation process. is oscillatory and is damped by (a9) 


256 


oY 20 minutes 
a. Accuracy of orientation: plus/minus three degrees 
PROMOTYPE EQUIPMENT USING AIR BEARINGS : 
26.,° te 


and (20). 


Data on thecatnaetine Gonpuses 





by. Ruh“in “times” “ "About 30 to 35 minutes 





Vibration period; “tine: ‘pan, ofs 


The following were used as direct pratotypes for the further 
_velopment of air bearings at NII 49. /Th 


On pages 21-27 . 


” 


@ photographs shown 
are actual copies of photographs used for 


KA-7 (I=12000 centimeter gram second) 


de-: 


si ashe material in the Soret caren of air bearings at ‘NIT 49./ 


. Hemi epherical Water Bearings 


The principle in the con- 


struction of such a bearing is shown on the first picture 


[page 21]... 


The hemispheric bearing shell, into which a 


50X1 


similarly shaped journal is fitted, has tee rows of orifices. 
Fluid enters under pressure, into the annular chamber (1). 
The fluid reaches the channels (3) through bored 


passages (2). 


The channels (3) are shaped in such a manner 


as to avoid any residual kinetic energy in the water when 


ejected from the orifices into the bearing clearance. 
_,., third illustration /p: 


principle. 
diameter) is positioned adjacent to the bearing shell. 


~~ 


The 
age 23/ shows a bearing made on this 
The bearing journal (of six centimeters 
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¢ The. orifices of the bearing shell_are easily 
‘recognized. | The second picture /page 227 shows 

th “bearing in operation, water pouring out of the 

6 orifices, but without bearing journal. The emerging. 

water, “géeping out of the orifices with nominal 

pressure, is easily redognized. The bearing is 

is operation at a pressure of 0.3 atmospheres, At 

gach pressure, the bearing is eapable of supporting 

&@ load of 10 kilograms. The fluid film between. / 

bearing journal and bearing shell is approximately 

0.03 millimeters thickness. This thins out some- 

what ‘during increase of load factor. At a certain 

load, bearing journal and bearing shell contact 

each other and great friction sets in. Up to this 

load, friction is independent of load factor. At 

a pressure of 0.3 atmospheres the water consumption 

assumes a rate of two liters per minute. 





A] 


>. Hemispherical Air Bearing: The same bearing may 

also be operated. with air as supporting medium. 
In this’ (Case,. the ‘pressure of air must not be 
greater than. 0. 508 atmosphereg 9s the journal will. 

: show a “tendency” +o vibrate’ because of the* * com - . 
pressibility of air., In order to avoid this’os- *® 
cillation, which causes periodic contact between 
the bearing journal and bearing shell, egress 
channeling aust, be avoided at the bearing shell, 

i ar columns ' in these channels will ™ 
& springs The: flexibility of the air sieisanae: 
njunction with the mass of the supported object, 
constitute’ an scillatory system, which is excited 
by” tha” ir stréaming toward it. In order to avoid 
= oscillation, the locations of the channels must 
= : be arranged. in a manner such as that shown {Lon page 237. 

















Oo Spherical’ Bearings: : “The illustration /page 237 
. ghows ‘an air bearing’ that 1s assembled. In this case, 
the. journal ie in the shape of a sphere, with a dia-~ ~ 
ate meter” ‘of two’ centimeters. ‘The upper bearing shell 
' has been disassembled and lies next to the lower 
° shell with the journal. In the right-hand bearing 
ae: -phell; the two oiroular rowa of egress orifices for 
‘adr. ‘can’ well be recognized. The spherical . 
journal: oan: be seen in the other bearing half. The 
aphere has an annular groove machined into it, which 
is equipped with an egress orifice, permitting the 
air to pass out through the sphere and axis. This. 
exit is necessary to avoid packing air between the 
yearing shéll. and.the bearing journal, which would 
reduce the load bearing factor of the hearing con- 
siderably... Egress:.orifices along side of the bearing 
axis do not suffice in this case. This air bearing, 
at a pressure of 0.5 atmospheres, can support an 
axial load. of 150 grams; radially, it can support 
140 grams. At such loading the air consumption is 15 
liters. per. minute, based on atmospheric pressure. 
v9 The fourth illustration [page 24/ shows the support 
for.an axis with air bearing. : 


wey 
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d. Cylindrical Bearings: Cylindrical bearings are 
c . ‘ shown on the fifth, sixth, and seventh pictures 
[pesa2’s -277- This arrangement may be utilized 
as a very sensitive clinometer, somexhat like a 
water level. A declination of. the x-axis for a --... 
few arc-seconds*tauses the cylinder to slide out 
of the bearing. , 
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APPENDIX Bi. The Three-axis Stabilized Platform 


1. The three-axis stabilized platform consists of three gyroscopes 
arranged with their axes at 90 degrees to each other.- These 
gyroscopes are mounted on a platform that contains the two 
. integrators uséd to correct the course and to determine the 
fuel cut-off point. The platform is mounted on a two-gimbal 

.. system which is mounted on the frame _of *he missile, Ueetaseiee 
is made to the accompanying sketch [ see 
page 30 7. } The platform is kept horizontal vy. penaing 
‘vertical through penéuli. The reactions of the penduli apply 
a - * torques to the BE and D gyros in their precession axes. The 
resultant torque,90 degrees to the precession axes applies 
moments to right the platform. 50X1-HUM 


2. Whe principle involved in the short-term stabilization of the 

platform is as follows: Twisting or tilting of the missile 
S around the platform tends to leave the platform in its horizontal 

pésitisn. .However, due tothe frictional forces involved in the 
bearing of the gimbals and the platform, some precession results. 
This precession is measured and corrections are applied to the “us 
gyroscopes through the erection motors, which apply torques to 
“restore the gyro rotors to their initial positions. 
comment: there is very 0X1-HUM 
friction in the gimbal and platform bearings, it is believed 
that the basis for accurate measurement of angular deflection 
ofthe missile is through the precession of the gyro rotors them- 
selves. Thus, in effect, the gyroscope system becomes a rate 
sensitive stabilization system. With this in wind then, the 
system can be considered as a three-axis rate gyroscope system, 
whose platform is ‘maintained horizontal through the use of penduli. 
In this manner, the frictional forces encountered.in the gimbal 
system are of no importance since any friction that appears is 
reflected in precession of the pertinent gyroscope, and the plat - 
form is rotated to cancel out this precession,/ 

















3, The relationship of the precession and sensitivity axes of the 
three gyroscopes with the missile is shown in the upper portion 
of the sketch { see page 30 7. In the center portion 
Lot this sketoh/ ia ghown an illustration of the mechanical 

Construction of the platform. The azimutnal gyrossope (A-gyro) 
_4e mounted on an air bearing similar to that described pre- 

» viously. The air inlet is at the bottom of the drum housing, 
and the outlets for the air are located of either end of the 
precession axis. Precession is measured through contacts 

\ . +: Which permit proportional control of the erection motor A. 

\ . ‘These contacts are shown in greater detail in the electrioal 

; schematic /located at the bottom of the sketeh/. This pickoff 
is similar to the Silverstat type of gyroscope pickoff. The 
voltage from the Silverstat type of pickoff operates a split- 
field DC motor to turn the platform to an angle equivalent 

_to the twist of the missile. A KA~7 gyroscope is used in the 

* A-gyro system. This gyroscope uses a rotor which is seven 
centimeters in diameter. The speed of rotation is approximately 
30,000 rpm and it weighs 1.9 kilograms. 
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a: Pie. BoALEDY igu {peed to. detect turning in the E~axis of the missile. : 
Serate @ ofotuxnabout, the E-axis will cause a precession of the , 
Begyroog This is. measured by the contacts located at the top of 

fo. the: gyro mounting, and the Eemotor is operated. The E-motor 

a applies. a oment about the E-axis, so as to restore the gyroscope 
rotor. to-its. original position. If the platform rotates- about 

the. Braxis, this is detected by the B-pendulum and a torquer ee z 
‘mechanically connected to the gyroscope in the precession axis a 
is. operated. The torquer applies a moment which restores the 

plepfore to a horizontal position. The D-gyro operates in ex- 

ac ly, the, § same manner in the D-axis. Standard KA-10 (Kreisel- 

geraete) gyroscopes are used for the E-. "and Degyro Byohenes 





5. - The supply to the windings of the gyroscope drive’ cotous is fed 

° “through point contacts aligned axially with the precession axis 
so as to reduce to a minimum the friction of these contacts... 
‘The erection pickoff contacts of the D- and E-gyro systems are 
not as elaborate as for the A-gyro, in view of the closed 1oof 50xX1-HUM . 
pendulum-controlled erection. 


, 














[ the Soviets were extremely Zed 














in the platforn./ stabilized “platforms” were being 
_ butt ‘in the Soviet sections 0 I 1 eae 
e questioning on methods of improvement. the Soviets 
at one time stated that they had built an experimenta model, ' 
-but that’ the wander rate was as high as two degrees | an hour for . 4 


the air bearing gyroscope. This ‘was evident 
flow. and vortices-in the air supply system. 

















After the experi- 
mental model’ made in-the German’ section of NII 49 was turned over 

‘at the’ end of 1950, there still was continual questioning y the 
Soviets: about the design of the platform. 
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